Bioavailability of pesticides is determined by two major factors: soil characteristics and pesticides' chemical feature. These factors result in a definite adsorption capability whose extent varies on a large scale. By revealing interactions between pesticides and soils it is of high interest to model bioavailability of widely used pesticides, as it is a key element in terms of prospective toxicological aspects. Our work signifies steps forward improving pesticide soil mobility prediction models as we created model systems representing correctly natural relations. Comparison of different solvent extraction methods proved to be an efficient tool to gain information on the bioavailability of some widely used pesticides as well as to model actual environmental processes.
INTRODUCTION
Chemical components being present in environmental subregions are available for organisms to various extent thus they have diverse effect on ecosystems. The chemical waste in soil, sediment, and water may influence, or even regulate, bioremediation efficiency (Southgate et al., 1989) . Bioavailability can be defined as the amount of present contaminant that can be degraded and readily taken up by microorganisms (Maier, 2000) . The characterization of pesticide bioavailability, particularly in aged soils, could be important to be taken into consideration because this information is necessary for environmental risk assessment (Regitano et al., 2006) .
To establish chemical extraction procedures for predicting bioavailability of butachlor and myclobutanil in soil, several solvent systems (methanol, methanol-water (9:1), methanol-water (1:1), acetone-water (5:3), petroleum ether and water) were assessed to determine the extractability of the target compounds from soil samples (Yu et al., 2005) . According to their experimental data these extraction procedures may be efficient for predicting bioavailability of the two pesticides studied.
Behaviour of [ 14 C]-hydroxy-simazine in luvisol soil was examined to estimate its residues at different incubation time (Kloskowski et al., 1985) . 62 days after beginning the fulvic acid and humin fractions contained up to 85% of the labelled ring carbon applied.
Aged and bound herbicide residues in soil and their bioavailability were studied (Kloskowski et al., 1987) by applying [Carbonyl-14 C]methabenzthiazuron to growing winter wheat. 0.01 M CaCl 2 solution and organic solvents were used for the extractions. About 20% of the radioactive parent compound was found in the leaves and residues of pesticide were detected from the soil.
Influence of soil aging on sorption and bioavailability of simazine was studied by Regitano et al. (2006) . Solvent extraction methods were applied to correlate simazine residue bioavailability in aged soils to simazine mineralization using a simazine-mineralizing bacterium. Soil samples were treated with UL-ring-labeled [ 14 C] simazine and extracted with 0.01 M CaCl 2 , or extracted with aqueous methanol (80:20 v/v methanol/water). 0.01 M CaCl 2 /methanol solution proved to be suitable for estimation bioavailable residues of simazine in aged soils.
The leaching of diuron and oryzalin through undisturbed soil columns was studied in the laboratory using three vineyard soils (rendosol,calcosol, vegetated calcosol) by Landry et al. (2004) . After 845 mm of stimulated rainfall in 15 days, liquid samples contained higher amounts of diuron than oryzalin. The differences in mobility between soil types seem to be related to the OC distribution in the profiles; whereas, differences in diuron mobility are correlated with both OC content and soil structure.
In case of acetochlor desorption studies were performed by Ma et al. (2004) and Taylor et al. (2004) to determine the sorption and desorption potential of surface and subsurface soils. It is necessary to estimate the rate of acetochlor's movement to groundwater, as it might be regarded as a factor influencing significantly bioavailability of acetochlor as well.
Laboratory studies were conducted by Nemeth-Konda et al. (2002) to determine the sorption behaviour of six commonly used pesticides (including acetochlor). The sorption isotherms and the octanol-water partition coefficients (P ow ) have been described. The adsorption constant showed relation to soil organic carbon content (K oc ). It was concluded that the Freundlich adsorption constants (K f ) were slightly related to the octanol-water partition coefficients of investigated chemicals.
There are many studies about the relation of the degradation of pesticides and the soil parameters. A number of indexing methods have been developed that aim to rank the pesticides according to the risk of leaching to the groundwater from few parameters for each substances (Fomsgaard, 2004) . E.g. the GUSindex ranks the pesticides solely according to inherent properties, degradability (measured as DT50-values), and sorption (measured as K OC ) and in this way provides a measure of the potential of leaching. Lindhardt et al. (1997) showed that a ranking according to the GUS-index with a starting point in the DT50 and K OC -values of 12 pesticides that had been reported to the Danish Environmental Protection Agency.
Pesticide soil/solution distribution coefficients (K d values) are generally used parameters to predict the mobility of each pesticide in soils. In many cases soil characteristics, including the soil series name, taxonomic name, particle-size distribution or texture, % organic matter (OM) content, and soil solution pH are normally included. These K d values and soil property values are involved in many pesticide data bases and used in computer models (Carsel et al., 1984; Davis et al., 1990) .
Our major objective was to create model systems representing correctly natural relations in order to characterize comprehensively pesticide soil interactions. Comparison of different solvent extraction methods proved to be an efficient tool to gain information on the bioavailability of some widely used pesticides as well as to model actual environmental processes.
Apart from the abovementioned goals we also aimed at correlating reported pesticide K d values with found soil properties in order to develop equations which would more accurately estimate K d values reflecting actual soil parameters, so as to improve pesticide soil mobility prediction models.
MATERIALS AND METHODS

Studied pesticides and soils
The four pesticides examined (introduced in Table 2 ), which have diverse chemical structures and behaviour, are as follows: simazine (triazine herbicide), chlorpyrifos (organophosphate insecticide), acetochlor (acetanilide herbicide) and diuron (substituted urea herbicide). All compounds represent widely used, chemically different pesticides having diverse action mechanism. 
Two types of soils were chosen for the experiments, a sandy and brown forest soil. The plough layer was examined (0-20 cm) whose major characteristics were precisely determined (see Table 1 ) in terms of pH, specific conductivity, humus content and granulometric composition by using traditional methods.
Sample preparation
The pesticides were dissolved in methanol, the concentration of the solutions were 200 ppm. The pesticides (higher than 99% HPLC purity) and other applied chemicals were purchased from Aldrich. The soil samples were sieved and homogenized.
To model the bioavailable amount of pesticides according to the literary we used 5 distinctive model systems to accomplish the extraction. These extraction methods were as follows: chloroform, aqueous methanol (80:20 v / v methanol/water), Na-acetate -acetic acid buffer (pH=5.6), CaCl 2 solution (0.01 M) and humic acid solution in two different concentration (0.5 ml SERA humic acid extract/l).
Throughout the sample preparation procedure three distinctive solvent volumes were applied. It was apparent ( Figure 1 ) that application of 5 ml solvent proved to be the most efficient in respect of achieving maximum extracted amount of pesticide, therefore it was used for further experiments. 10 g of each soil samples were combined with 5 ml of each pesticide solution, so 0.1 mg active ingredient could be attributed to 1 g soil. The soil samples containing pesticides have been dried at 105 ºC for 2 hours, than powdered, and the same amount of them (1 g) were extracted with 30 ml of the extracting solvents mentioned above for 16 hours. Then the soil samples were centrifuged at 6000 rpm for 10 minutes and the supernatants were removed. 25 ml of them were extracted with 15 ml of chloroform for three minutes twice time, then evaporated in vacuo. Dry extracts were redissolved in methanol in case of simazine, acetochlor, diuron and in acetonitrile in case of chlorpyrifos.
Instrumental measurements
The extracted amounts of the basic components were detected by using GC-MS technique. The GC separations and the mass spectrometric measurements were performed by using a GC-GC/MS QP-2010S Shimadzu under the next measuring conditions: column: HP-5MS (30 m×0.25 mm×0.25 um), carrier gas: He (1 ml/min), detector: GC/MS QP-2010S, ionization mode: EI (70 eV), interface temperature: 230 °C, ionsource temperature: 200 °C, inject volume: 1 μl. The heating parameters were the following: simazine: 110 °C (hold: 0 min) 240 °C (15 °C /min) (hold: 0 min) 290 °C (35 °C /min) (hold: 0,5 min); chlorpyrifos: 150 °C (hold: 0 min) 290 °C (20 °C /min) (hold: 3 min); acetochlor: 80 • C (hold: 0 min) 280 °C (15 °C /min) (hold: 0 min); diuron: 70 °C (hold: 1 min) 180 °C (10 °C /min) (hold: 0 min) 220 °C (20 °C /min) (hold: 0 min).
Determination of K d and K H values
The ratio of pesticide adsorbed by soil (nmole/g) and pesticide remaining in solution (nmole/ml) is the (K d ). It is an indication of the sorption capacity of the chemical in case of the specified soil. K d values are generally determined for pesticide concentrations that would occur in soils when the compounds are applied at recommended extents followed by enough rainfall to bring the soil to field capacity (Weber et al., 2000) .
K H values were also calculated by regarding actual humus-content of a given soil type, providing opportunity for taking one of the most important soil parameter into account.
Thus K d values were calculated as follows: 
RESULTS AND DISCUSSION
The five distinctive types of applied extracting solvents showed diverse efficiency in extracting the studied pesticides from the two different types of soil. The prompt amounts of the extracted pesticides are summarized in Table 3 .
In case of the investigation of modeling the bioavailable amounts of simazine from brown forest soil the acetate buffer and the CaCl 2 solution was found to be nearly as efficient as the aqueous methanol solution. In contrast to this finding Regitano et al. (2006) obtained the most amounts of simazine from soil samples by successive extractions with methanol and CaCl 2 solution. Out of the aqueous extracting solvents humic acid solution proved to be the most efficient extracting solvent (producing 81.05% extraction efficiency) of the as it could be seen in Figure 3 in the comparison of GC chromatograms of the extracted amounts of simzine from sandy soil samples.
Chloroform was the least efficient one n case of both soil types. The efficiency in extracting simazine from sandy soil of aqueous methanol was preceded by the natural-like extracting solvents (acetate-buffer, CaCl 2 -and humic acid solutions). With acetatebuffer it was possible to extract more simazine from the soil than with CaCl 2 -and humic acid solutions.
The largest amount of chlorpyrifos could be obtained with chloroform, the other extraction solvents displayed almost the same efficiency in extracting chlorpyrifos: extracted amounts were lower than 10% of the initial amount. Aqueous methanol and acetate-buffer were found to be slightly more efficient extractants than CaCl 2 -and humic acid solutions, however large differences have not occurred (Figure 2) . During the extracting studies larger amounts of acetochlor could be extracted from brown forest soil than from sandy soil. In case of brown forest soil CaCl 2 solution was as efficient as chloroform (85%), while with acetate-buffer and humic acid solution it was possible to extract 60% of the initial amount of acetochlor. In case of sandy soil aqueous extracting solvents were suitable to extract more acetochlor than chloroform and methanol solution.
The applied extracting solvents for diuronexcept chloroform -were really efficient: more than 80% of the diuron was extracted from both types of soils. In case of brown forest soil CaCl 2 solution was found to be the most efficient extracting solvent (86.6%), while in case of sandy soil humic acid solution excelled from the three aqueous extracting solvents by producing 100% efficiency. The noticed differences could be explained by the different organic matter content of soils, which is a determining factor in adsorption of diuron as it was pointed out in the study of Landry et al. (2004) . Adsorption coefficients (K d ) were also calculated for the examined samples. The K d values were normalized to the humus content of each soil (K H values, Table 4 ). The extracted amounts of each pesticide obtained by the natural-like, aqueous solution based extracting solvents (acetate-buffer, CaCl 2 -and humic acid solution) were averaged in order to acquire more simple and comprehensively comparable parameters. The lowest Kd value (1.134) was calculated in case of chlorpyrifos (sandy soil), while the highest (30.373) in case of diuron (sandy soil).
The K d values spread between 0.022 and 1124.651 showing much different binding characteristics of examined pesticides confirming the observations of Nemeth-Konda et al. (2002) . Real distinction could be made between soil types in terms of adsorption capability. The chemical feature of pesticides seems to be of utmost importance in this respect preceding the relevance of soil characteristics. Much difference might be observed when comparing K d and K H values of each pesticides showing that among the examined pesticides chlorpyrifos excels in soil binding capability. Adsorption liability of simazine slightly precedes that of acetochlore and diuron. Comparison of different extraction methods led to the conclusion that each model might provide us with interpretable results, however as in most cases no major differences could be observed in K d data obtained by the different methods. Therefore it is sensible to regard and put more emphasis on the values referring to the aqueous solution based extracting solvents, as well as their average bearing aggregate information on soil binding capability. When comparing the extractable amounts of pesticides, it is obvious that the applied solvents showed different extraction capability in terms of different pesticides and the two studied types of soil (Figure 4) . In case of simazine, chlorpyrifos and diuron the methanol and the aqueous extracting solvents exhibited nearly the same efficiency in extracting pesticides from both soil types. When comparing the acquired amounts of extracted pesticides in case of the studied two soil types, nearly analogous tendency might be observed, as negligible amounts of chlorpyrifos was yielded, while the applied solvents proved to be the most efficient extracting agents to gain diuron. In general the aqueous extracting solvents (acetate-buffer, CaCl 2 and humic acid solution) extracted more pesticide than chloroform and methanol. Methanol solution proved to be the most efficient in extracting chlorpyrifos from sandy soil, while in case of brown forest soil the aqueous extracting solvents were more effective than methanol. In case of acetochlor the results were different from the above mentioned pesticides: methanol and the aqueous extracting solvents showed the same efficiency in case of brown forest soil, while in case of sandy soil the aqueous extracting solvents were found to be much more efficient. The average of the extracted amounts of the studied pesticides by the aqueous extracting solvents (buffer, CaCl 2 , humic acid) brown forest soil sandy soil
CONCLUDING REMARKS
Investigation of different solvent extraction methods in order to model pesticide-soil interactions proved to be an efficient tool to obtain precise data on soil-binding capabilities of some widely used pesticides. Thus we gained insight into the bioavailability of these important soil contaminants, as well as created models to describe actual environmental processes.
Obtained results for K d indicated that chemical feature of pesticides seemed to be of utmost importance in terms of soil binding capability preceding the relevance of soil characteristics. Reported pesticide K d values showed much different binding characteristics of examined pesticides contributing to proper understanding of pesticide soil mobility prediction models. Chlorpyrifos excels in soil binding capability preceding simazine, acetochlore and diuron.
The five distinctive types of applied extracting solvents displayed different effectivity for mobilizing pesticides from soil. In most cases application of humic acid solution as extraction model was found to be at least as efficient as methanol or chloroform solution proved to be the most efficient extracting solvent. The developed model system applying natural-like extracting solvents like buffer solution, CaCl 2 solution or humic acid solution is an efficient tool to estimate the bioavailable amount of pesticides, besides having no environmental risks in contrast to the frequently applied previously introduced methods (Kloskowski et al., 1987; Regitano et al., 2006; Yu et al., 2005) based on organic solvents.
